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Experimental motivation 

Formalism: Nonlinear sigma-model  

Results for LDOS (averaged + spatial fluctuations): 

 near SC transition in 2D with short-range interactions 

 near SC transition in 2D with Coulomb interaction 

 SIT near Anderson transition with short-range interactions 

Conclusions 

 Outline:  



 Experimental motivation 

Tunneling spectroscopy of 2D superconducting films: 

pronounced soft gap in the tunneling spectrum survives 
across the superconductor-metal transition (at T > Tc) 

… and across the superconductor-insulator transition 

strong point-to-point fluctuations of LDOS  

Popular interpretations (“bosonic mechanism”): 

preformed Cooper pairs    “pseudogap” in non-SC states  

localization of Cooper pairs on the SC side of transitions 

emergent “self-granularity” of homogeneous films 

 



 Experimental motivation 

InO thin films: Differential tunneling conductance,  



 Experimental motivation 

homogeneously disordered  
NbN thin films: 



 Experimental motivation 

homogeneously disordered NbN thin films: 

[adapted from Carbillet et al. (2016)] 

TEM SC gap 

TEM vs gap gap vs gap 



 Tunneling DOS in the presence of SC correlations in 2D 



 Tunneling DOS:  Zero-bias anomaly in diffusive 2D metals 
Altshuler, Aronov '79,  Altshuler, Aronov, Lee '80,  Finkelstein '83,  
Nazarov '89,  Levitov & Shytov '97,  Kamenev & Andreev '99 

Physics:  Diffusive/hydrodynamic charge spreading affected by gauge-type  

                phase fluctuations (Maxwell relaxation + “Debye-Waller factor”)  

with Coulomb repulsion 



 Fluctuations of LDOS (no interaction) 
review:  Evers & Mirlin RMP´08 



 Fluctuations of LDOS with interactions (normal state) 
Burmistrov, IG, Mirlin, PRL´13, PRB´14, PRB´15 

 
Multifractality of LDOS does exist in disordered electron systems with 
Coulomb interaction 

Coulomb interaction: multifractal exponents are different from those 
in noninteracting case 

Metal-insulator transition: From Altshuler-Aronov-Finkelstein                  
zero-bias anomaly  to Efros-Shklovskii Coulomb gap: 

 

This work: LDOS near superconducting transition (T>Tc) 



 Field-theory approach: Interacting nonlinear sigma-model 
Finkelstein (1983) 

: 



 Strategy 

Construct and renormalize operators describing the 
moments of LDOS 

Renormalize NLSM down to energy scales ~max[E,T] 

Include superconducting fluctuations from real processes 

  



 Mesoscopic fluctuations of LDOS: Field theory 

nd 



 Mesoscopic fluctuations of LDOS: RG 

Disorder-averaged DOS: 

qth moment of the DOS: 



 RG of 2D sigma-model 

Full set of one-loop RG equations  [                     ] : 

Finkelstein (1983) 

Burmistrov, IG, Mirlin, PRB´15 



 Short-range interactions in 2D: Enhancement of Tc 

Burmistrov, IG, Mirlin, PRL´12,  PRB´15  

3D near Anderson transition:  
Feigelman, Ioffe, Kravtsov, Yuzbashyan (2007); Feigelman, Ioffe, Kravtsov, Cuevas (2010) 



 Short-range interactions in 2D: Average LDOS 

not a superposition of AA and SC corrections close to the SC transition 



 Short-range interactions in 2D: Average LDOS 

Dotted-dashed blue curve ignores renormalization; dashed red curve: T=10Tc  



 Short-range interactions in 2D:  LDOS fluctuations 

LDOS fluctuations are particularly  

strong in the range of parameters  

where enhancement of Tc occurs 



 Coulomb interactions in 2D:  Suppression of Tc 



 Coulomb interactions in 2D: Average LDOS 

Enhancement of the superconducting dip by the Coulomb ZBA 



 Coulomb interactions in 2D: Average LDOS 

coherence peaks 
disappeared 

Dotted-dashed blue curve ignores renormalization; dashed red curve: T=10Tc  



 Coulomb interaction in 2D:  LDOS fluctuations 

LDOS fluctuations may be strong  

near the separatrix 



 SIT near Anderson transition (RG approach) 

agrees with Feigel'man, Ioffe, Kravtsov, Yuzbashyan (2007) 

Burmistrov, IG, Mirlin, PRL´12 



 SIT near Anderson transition 



 LDOS in the critical region: 



 LDOS in the insulating phase                  : 

“pseudogap energy scale” 



 Summary:  

 
Depletion of averaged LDOS: interplay of renormalization and real processes,  
not just a simple superposition of ZBA and SC DOS 

LDOS fluctuations within “fermionic picture” (no emergent granularity) 

Short-range interaction: strong mesoscopic fluctuations of LDOS on top of 
enhancement of Tc  due to multifractality 

Coulomb interaction: not so strong mesoscopic fluctuations of LDOS near 
superconducting transition; precursors of coherence peaks suppressed 

 

2D short-range                      2D Coulomb                    Anderson criticality 


